Garnet-clinopyroxene-quartz granulites of the central Highland Complex of Sri Lanka preserve textural and compositional features indicative of high-pressure, ultrahigh-temperature (HP-UHT) crustal metamorphism and multistage retrogression. Grains of the peak metamorphic assemblage, garnet-clinopyroxene-quartz, are commonly separated and embayed by late orthopyroxene-plagioclase symplectites; however, in some domains, rare grain-to-grain associations of the peak assemblages are still preserved. Thermodynamic modeling in the CaO-Na 2 O-K 2 O-FeO-MgO-Al 2 O 3 -SiO 2 system indicates peak metamorphic conditions of 12.5 kbar at 925ЊC. The temperature estimates using garnet and clinopyroxene core compositions are in the range 844Њ-982ЊC, in agreement with the thermodynamic modeling. In conclusion, the textural, geochemical, and thermodynamic modeling and thermobarometric data indicate a multistage decompression after HP-UHT metamorphism. U-Pb zircon (laser ablation-inductively coupled plasma mass spectrometry) ages represent the timing of the peak metamorphism at ca. 580 Ma. A Sm-Nd internal isochron from mineral phases (garnet, clinopyroxene, orthopyroxene, and felsic fraction) and from a whole rock yields an age of Ma interpreted as the time of isothermal decompression (retrogression). Our results from the central Highland 534 ‫ע‬ 12 Complex of Sri Lanka provide important constraints on the Neoproterozoic orogeny associated with the assembly of Gondwana.
Introduction
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(e.g., Harley et al. 1990; Brown and Raith 1996; Raith et al. 1997; Harley 1998b; Goncalves et al. 2004; Sajeev and Osanai 2004a, 2004b; Sajeev et al. 2004 and references therein) and rarely preserved in mafic and ultramafic granulites (Harley 1989) . Harley (2004) cautioned that UHT data from mafic granulites are reliable only if the surrounding pelitic granulites also preserve reaction textures of UHT metamorphism, because of the possibility of misinterpreting igneous textures (e.g., exsolution lamellas) as UHT textures.
In contrast to UHT metamorphism, evidence for high-pressure granulites (O'Brien and Rö tzler 2003; Pattison 2003; Brown 2006 Brown , 2007 can be easily identified in mafic granulites and in pelitic rocks. Rocks stabilized in the orthopyroxene-absent field with a garnet-clinopyroxene-quartz (Grt-Cpx-Qtz) assemblage, with or without plagioclase, can be considered high-pressure granulites (O'Brien and Rö tzler 2003; Pattison 2003; Brown 2007) . Most granulites worldwide have been retrogressed and hydrated (overprinted by hydrous minerals such as hornblende [Hbl] or biotite [Bt] ) during uplift.
This study attempts to explain extreme crustal metamorphic signatures of anhydrous and highpressure ultrahigh-temperature (HP-UHT) granulites that formed in the lower crust during Neoproterozoic regional metamorphism related to the amalgamation of Gondwana. We present unique, dry (hydrous mineral-absent), garnet-clinopyroxene-quartz granulites from the central Highland Complex, Sri Lanka, that preserve evidence of HP-UHT metamorphism. The stability of the mineral assemblages is examined through thermodynamic modeling. The timing of HP-UHT metamorphism is determined by U-Pb zircon dates using laser ablation-inductively coupled plasma mass spectrometry (LA-ICPMS) spot dating, and the cooling age is determined by Sm-Nd internal (mineral) isochron ages. In this study, we estimate the pressuretemperature-time (P-T-t) relations of this relatively rare rock compared with those of surrounding mafic and pelitic granulites.
Geological Outline
The first geological subdivision of Sri Lankan basement was carried out by Adams (1929) ; later studies proposed further subdivision and nomenclature (e.g., Coates 1935; Wadia 1942; Cooray 1962 Cooray , 1984 Cooray , 1994 . The Southwestern Group defined in previous studies (e.g., Hapuarachchi 1983 ) is now considered a part of the Highland Complex because of petrological, metamorphic, and geochronological similarities. Many recent workers consider the Kaduganawa Complex a part of the Wanni Complex on the basis of their lithological and structural relations (Kehelpannala 1997) . In this study, we follow the widely accepted classification of Cooray (1994) , which is based on the isotopic mapping of Milisenda et al. (1988) and the geochronological results of Krö ner et al. (1991) . Cooray (1994) divided the basement complexes of Sri Lanka into four units ( fig. 1 ): the Vijayan Complex in the east, the Highland Complex in the center, the Wanni Complex in the west ( fig. 1) , and an area in central Sri Lanka (northwest of the city of Kandy), formerly known as the "Arena" (Vitanage 1972) , now named the Kaduganawa Complex. Sajeev (2003) suggested that the eastern part of the Wanni Complex belongs to the western Highland Complex because both western and eastern Highland complexes underwent Neoproterozoic granulite facies metamorphism despite their different protolith ages.
The eastern Highland Complex yields 2000-3000-Ma model ages (Milisenda et al. 1988) , whereas the other complexes have relatively younger 1000-2000 Ma model ages. This result is well supported by U-Pb zircon ages reported from various recent studies (e.g., Krö ner et al. 1991) . All the Sri Lankan complexes experienced a later Neoproterozoic regional metamorphic event related to the amalgamation of the Gondwana supercontinent.
The Vijayan Complex experienced amphibolitegrade metamorphism, whereas the Highland, Wanni, and Kaduganawa complexes experienced granulite-grade metamorphism with a retrograde amphibolite facies overprint. The boundary between the Highland and Vijayan complexes is well defined because of the variations in the metamorphic grade and model ages, whereas the boundary between the Highland and Wanni complexes is still under debate (Kehelpannala 1997; Sajeev 2003 and references therein) .
Of the various complexes, the highest-grade metamorphic rocks occur in the Highland Complex. A recent regional study by Sajeev and Osanai (2005) on garnet-biotite gneiss from the Highland Complex, using the Fe-Mg distribution coefficient between garnet and biotite, documents an increase in metamorphic grade toward the central part of the Highland Complex (central Highland Complex) . This is consistent with other studies (Sajeev and Osanai 2004a, 2004b) because regional temperature zoning is based on the distribution coefficient and follows a strict procedure for attaining garnet and biotite composition close to the peak metamorphism. Faulhaber and Raith (1991) reported a gradual increase in metamorphic pressure toward the eastern Highland Complex. Thus, high-P-T granulites are to be expected in the east-central Highland Complex.
The pelitic granulites of the Highland Complex have been widely studied (e.g., Osanai 1989; Faulhaber and Raith 1991; Hiroi et al. 1994; Raase and Schenk 1994; Kriegsman and Schumacher 1999; Osanai et al. 2000; Sajeev and Osanai 2004a , 2004b , 2005 , whereas studies of mafic granulites are rare. From mafic granulites in the Highland Complex, Sandiford et al. (1988) reported a P-T range of 6-8 kbar at about 700Њ-750ЊC. Schenk et al. (1988) reported a nearly isobaric cooling evolution for mafic granulites at kbar and from to P p 9-8 T 1 900ЊC , using the orthopyroxene-clinopyrox-T p 700ЊC ene thermometer of Lindsley (1983) . In addition, using garnet-orthopyroxene and garnet-clinopyroxene pairs, Schumacher et al. (1990) obtained tem- Schumacher and Faulhaber (1994) and Sajeev and Osanai (2004b) . Boundaries after Milisenda et al. (1988) . Ultrahigh-temperature (UHT) rock localities are indicated.
peratures of and pressure of 8 kbar. T p 820ЊC Schumacher and Faulhaber (1994) estimated that garnet-pyroxene-plagioclase-quartz-bearing granulites of the central Highland Complex formed at around 800Њ-850ЊC under pressures above 9 kbar. Many of the previous studies gave relatively low temperatures even though the sample locations are in the high-temperature-pressure zone (Faulhaber and Raith 1991; Sajeev and Osanai 2005) ; this was probably due to lack of correction for retrograde exchange (e.g., Fitzsimons and Harley 1994 Kriegsman and Schumacher 1999; Sajeev and Osanai 2004b Krö ner et al. (1987) reported detrital zircon ages of 3.2-2.4 Ga and Pb loss at 1.1 Ga, which they correlated with a granulite-grade metamorphic event. Sajeev et al. (2003) reported a Sm-Nd internal isochron based on garnet core, clinopyroxene, felsic fraction, and whole rock that suggested an older event (ca. 1500 Ma), whereas an isochron on whole rock and orthopyroxene gave a reference age of 550 Ma.
The rocks of the central Highland Complex include some of the highest-grade granulites known in Sri Lanka. Ultrahigh-temperature sapphirinebearing granulites were first recognized by Osanai (1989) ; various localities with UHT assemblages are now known (e.g., Kriegsman and Schumacher 1999; Osanai et al. 2000 Osanai et al. , 2006 Sajeev and Osanai 2004a, 2004b) .
The central Highland Complex in the area around Kandy (including the study area) consists of interlayered and deformed mafic and pelitic granulites ( fig. 2) , together with foliated granite, quartzite, and locally intercalated calc-granulite and marble. Our samples were collected from a roadside exposure in the vicinity of the Victoria Dam, near southeastern Kandy (fig. 3A) . The lithology here consists of quartzite, calc-silicate rocks, and layers of migmatized pelitic granulites (Grt-Sil-CrdBt‫ע‬Gr gneiss and Grt-Bt gneiss; fig. 3A ; Sil p , , ). Garsillimanite Crd p cordierite Gr p graphite net-clinopyroxene-quartz granulites form disrupted layers ( fig. 3B ). Coarse garnet and clinopyroxene porphyroblasts are visible in hand specimens. Hornblende and biotite are completely absent in our samples, although they are present in other mafic granulites reported from surrounding areas. The foliation strikes SE to S (140Њ-185Њ) and dips steeply to the west (75Њ-85Њ).
Mineral Assemblages and Textural Features
Reaction textures in dry mafic granulites are rare, owing to the typically high-variance assemblage and wide P-T stability range of the mineral constituents. In all samples studied, porphyroblasts of garnet (3-5 mm) and clinopyroxene (1-7 mm) are preserved with or without medium-grained quartz (1-4 mm; fig. 4A ). These minerals are interpreted as reflecting the peak metamorphic mineral assemblage, which is still preserved in some microdomains ( fig. 4B) . Orthopyroxene is present only as a secondary phase, commonly forming a symplectite with plagioclase along grain boundaries between garnet, clinopyroxene, and quartz ( fig. 4C ), and as medium-to-coarse-grained moats rimming quartz grains in the matrix ( fig. 4D ). Locally, the symplectites form pods in a quartz matrix ( fig. 4D ) and are interpreted as indicating the presence of preexisting garnet. We have defined at least three subtypes of orthopyroxene-plagioclase (Opx-Pl) symplectite on the basis of x-ray (chemical) mapping (fig. 5 ). The first consists of medium-grained intergrowths (Opx-Pl 1 ) in the center of symplectite rims. The orthopyroxene and plagioclase volumes in this texture are relatively similar; these could represent the first stage of symplectite formation, when garnet, clinopyroxene, and quartz were in grain contact. This means that an adequate amount of reactants was present during symplectite formation. The second subtype consists of fine-grained symplectites near garnet rims (Opx-Pl 2 ), in which both orthopyroxene and plagioclase are fine grained but the volume of plagioclase is greater than that of orthopyroxene. This could represent the breakdown of garnet in the presence of quartz and an absence of chemical communication with clinopyroxene in localized microdomains, leading to a deficit in Fe and Mg and reducing the abundance of orthopyroxene. Considering the mass balance constraints, a deficit in Fe and Mg in this domain indicates a surplus of these elements elsewhere. One possible explanation is the formation of orthopyroxene moats with an absence of plagioclase in nearby microdomains ( fig. 4D ). The third subtype consists of coarse-grained orthopyroxene with minor fine-grained plagioclase intergrowths, mantling clinopyroxene porphyroblasts (Opx-Pl 3 ). These symplectites probably formed later than Opx-Pl 1 and Opx-Pl 2 , where limits such as the width of preexisting symplectitic coronas, coupled with decreasing temperature during retrogression, limited the availability of slower diffusing Al from garnets but still received Fe-Mg because of faster diffusion. Other components, except Al, were also supplied by the other reactants; clinopyroxene restricted the formation of plagioclase.
A second important type of reaction texture comprises medium-grained orthopyroxene moats separating quartz grains associated with Opx-Pl symplectites ( fig. 4D ). This texture may have resulted from early reaction between the peak assemblage phases ( ) or originated with the Grt ϩ Cpx ϩ Qtz earliest symplectite formation during decompression.
Microprobe analysis shows that orthopyroxene is present in clinopyroxene as lamellae that are too fine to be discerned under an optical microscope. Fe-Ti oxides and rutile are accessory phases. Rutile occurs only as inclusions in clinopyroxene and garnet, whereas opaque phases are present in the matrix and as inclusions in garnet and clinopyroxene ( fig. 4E ). The textural features described above are compatible with reactions between garnet, clinopyroxene, and quartz to form orthopyroxene and plagioclase, similar to Grt ϩ Cpx ϩ Qtz p Opx ϩ Pl.
(1)
Mineral Chemistry
Electron microprobe analyses were carried out using a JEOL JED2140-JSM 5301S electron probe at Okayama University (now at Kyushu University), Japan. The "MINM 53" standard was used for an- Droop (1987) . Results from representative analyses are given in tables A1-A3, which are available in the online edition or from the Journal of Geology office. A summary of mineral chemistry and thermometric calibrations (explained in "Thermodynamic Modeling and Pressure-Temperature Estimates") is given in tables 1 and 2. The compositions of garnet, clinopyroxene, orthopyroxene, and plagioclase are illustrated in an Al 2 O 3 -CaO-FeO (ACF) projection ( fig. 6) . The x-ray (chemical) mapping described in figure 5 was made with a JEOL JXA-8900R superprobe at Okayama University of Science, Japan.
Garnet compositions are mainly a grossularalmandine-pyrope (Grs-Alm-Prp) mixture. Garnet core compositions are typically Prp 32. 
Metamorphic Evolution
U-Pb Zircon In Situ Dating. Zircons were separated from a garnet-clinopyroxene-quartz granulite sample for geochronology, and U-Pb measurements were performed with LA-ICPMS at the Tokyo Institute of Technology using analytical procedures outlined by Iizuka and Hiratha (2004) . The analytical results are given in table 3.
Rare zircons in the studied sample occur only within garnet porphyroblasts (fig. 7) ; none were observed in the retrograde symplectites. So we assume that the separated zircons were initially situated within the garnet. The zircon grains were separated following the procedure of Katayama et al. (2001) , using facilities at the Tokyo Institute of Technology. Crushed samples were dispersed in water followed by panning and magnetic and heavy-liquid separation. The grains were handpicked with the aid of a fluorescent system microscope, and they were mounted on 25-mm epoxy disks. Polished zircon mounts were carefully examined under polarized and reflected light to trace the inclusions. All the inclusions were later checked using a laser-Raman spectroscope at the Tokyo Institute of Technology. Inclusion-free areas were selected for laser ablation analysis. Cathodoluminescence (CL) images were taken of all zircons before and after the geochronological studies in order to check the zoning and overgrowth patterns for the exact analysis points (fig. 7) . The zircon grains in the analyzed sample are mostly rounded, typical of granulites, and contain very few fluid and mineral inclusions, which are mainly of CO 2 -, H 2 O-, and CO 2 ϩ H 2 O-fluids and apatite confirmed by laser-Raman spectroscopy. The CL images reveal oscillatory zoning patterns throughout the grains, and it is difficult to identify any inherited cores. Most of the analyzed core and rim values cluster together in the lower part of the concordia diagram, with no upper intercept ( fig. 8) . The cores and rims yield a lower intercept age of ca. 580 Ma, with a concordance above 99%. The analytical results plot on the concordia, suggesting a major thermal event in the late Neoproterozoic ( fig. 8 ).
Sm-Nd Geochronology.
Garnet, clinopyroxene, orthopyroxene, a felsic fraction, and a whole-rock fraction were separated using the procedure of Nakano (2002), with Sm-Nd isotopes measured using an isotope dilution-thermal ionization mass spectrometer (ID-TIMS; MAT-262) equipped with nine Faraday cups at the Graduate School of Science and Technology, Niigata University, Japan. The method for extracting Sm and Nd from mineral grains and rock powder follows the procedure of Kagami et al. (1982 Kagami et al. ( , 1989 . The process for dissolving garnet closely follows the method of Krogh (1973) and Hamamoto et al. (1999) 144 Nd ratios were corrected to 0.512116 for JNdi (Geological Society of Japan standard), which corresponds to 0.511858 of La Jolla (Tanaka et al. 1997) . Isochrons and age calculations were computed using the computer program of Kawano (1994) based on the equation of York (1966) , with the following decay constant: 147 l( Sm) p 6.54 # yr Ϫ1 (Lugmair and Marti 1978) .
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The isotope compositions of all major minerals (garnet, clinopyroxene, orthopyroxene), a felsic fraction ( ), and a whole-rock fraction were Pl ϩ Qtz obtained for the geochronological studies. Zhou and Hensen (1995) and Unnikrishna-Warrier et al. (1995) noted the effect of inclusions in garnet on the Sm-Nd system. In our analyzed sample, the only major inclusion in garnet is quartz, and extreme care was taken during handpicking to select the garnets with the fewest inclusions. The most important potential contaminating materials in the matrix of this sample are opaque phases, which were separated magnetically using an isodynamic separator followed by handpicking. Because of the lack of multimineral phases and complex reaction textures, the Sm-Nd system is considered to be a reliable method for geochronological calculations in this type of mafic granulite.
The Sm and Nd concentrations, isotope ratios, and resultant ages for the whole rock and separated minerals are presented in table 4. Uncertainties on individual 143 Nd/ 144 Nd values are quoted at the 2j levels and are typically 0.000014 or less. An internal isochron including all mineral fractions and the whole rock gives an age of Ma ( fig. 9 ). 534 ‫ע‬ 12 Isotopic mineral ages are sensitive to the representative closure temperature of minerals (Dodson 1973) . In an internal isochron, garnet is the strongest controlling factor. Despite numerous studies on the closure temperature of Sm-Nd diffusion in garnet, estimates for closure are in the range 500Њ-900ЊC, with an apparent dependence on garnet composition (Humphries and Cliff 1982; Cohen et al. 1988; Jagoutz 1988; Mezger et al. 1992; Paquette et al. 1994; Hensen and Zhou 1995; Maboko and Nakamura 1995; Schmä dicke et al. 1995; Wang et al. 1998) . We conclude that the Ma date 534 ‫ע‬ 12 given by the internal isochron is a cooling age, indicating the timing of decompression after peak metamorphism. The isochron represented in figure  9 for initial minerals, retrograde minerals, and the whole-rock fraction defines a coherent isochron, indicating that the rock experienced rapid cooling after peak metamorphism or complete resetting to . Qtz p quartz the time of closure. It should also be noted that when cooling is very rapid, the effect of closure temperature is minor.
Thermodynamic Modeling and Pressure-Temperature
Estimates. The interpretation of the mafic granulites is complicated by the high variance and refractory nature of the mineralogy. However, quartzbearing assemblages tend to be more reactive during metamorphism. Although it is difficult to estimate peak pressures for the present assemblage (Grt-Cpx-Qtz) using geobarometric parameterizations, the absence of plagioclase in the peak assemblage suggests that the assemblage must have equilibrated outside the plagioclase stability field, most probably at pressures above the plagioclase decomposition reaction suggested by Green and Ringwood (1967) . To quantify this inference, phase relations for a bulk composition in the system CaO-Na 2 O-K 2 O-FeO-MgO-Al 2 O 3 -SiO 2 , estimated from the mineral modes and compositions of a -rich domain, were computed as a Grt ϩ Cpx ϩ Qtz function of pressure and temperature ( fig. 10 ) using free-energy minimization (Connolly 2005) , with end-member thermodynamic data given by Kelsey et al. (2004) and solution models as summarized in table 5. Because the clinopyroxene solution model does not incorporate K 2 O, sanidine is present as a minor phase (!1 vol%), with the Grt-Cpx-Qtz assemblage in the high-pressure plagioclase-absent field of the resulting phase diagram. As the plagioclase mode increases with decompression, sanidine is absorbed into plagioclase. The X Mg isopleths for garnet and clinopyroxene ( fig. 11 ) in the phase diagram section provide a basis for establishing peak metamorphic conditions. Based on the highest X Mg in garnet core (0.43) and clinopyroxene core (0.80), the P-T conditions fall on the plagioclase-out line at 12 kbar at 925ЊC ( fig. 7) , which is in agreement with the bulk chemical composition (with minor orthopyroxene and plagioclase) used for the thermodynamic modeling. Thus, we infer that the minimum pressure for the plagioclase-absent Grt-CpxQtz assemblage must be above the resultant conditions, at a pressure of around 12.5 kbar and a temperature above 925ЊC (figs. 10, 11). The peak temperature for the plagioclase-orthopyroxene-absent assemblage (Grt-Cpx-Qtz) was also calculated by using the Fe-Mg exchange thermometer for the core compositions of the coexisting garnet and clinopyroxene. Garnet rim and clinopyroxene rim thermometers have not been attempted because the textural features indicate that the consumption of garnet is greater than that of clinopyroxene. Thus, the present garnet and clinopyroxene rims may not be in equilibrium. Moreover, the retrograde Fe-Mg exchange between garnet and clinopyroxene may hamper the peak equilibrium condition. As explained above, it is clear that the pressure of the peak assemblage must be on the high-pressure side of the plagioclase-out reaction curve at around 12.5 kbar.
Temperature calibration using coexisting garnet (core) and clinopyroxene (core) gives a maximum estimate of 1050ЊC (average ) with the 982Њ ‫ע‬ 50ЊC Ganguly et al. (1996) method at 12.5 kbar (table  2; fig. 11 ). The methods of Ellis and Green (1974) , Berman et al. (1995) , Powell (1985) , and Krogh (1988) yield similar maximum temperature limits of 1006ЊC ( ), 1044ЊC ( ), 928Њ ‫ע‬ 58ЊC 942Њ ‫ע‬ 74ЊC 996ЊC ( ), and 988ЊC ( ), re-913Њ ‫ע‬ 60ЊC 894Њ ‫ע‬ 69ЊC spectively. Ai's (1999) and Ravna's (2000) methods yield slightly lower temperature maxima of 943ЊC ( ) and 936ЊC ( ), respec-844Њ ‫ע‬ 71ЊC 850Њ ‫ע‬ 63ЊC tively.
P-T-t Evolution. The petrographic results, thermodynamic modeling, thermometric estimates, and geochronological results were compiled to trace the metamorphic evolution of the studied dry mafic granulite (fig. 11) . The peak assemblage is equilibrated in the plagioclase-absent field followed by the Opx-Pl symplectite overprint that indicates an isothermal decompression path ( fig. 11 ). With our results superimposed, the evolution supports a near-isothermal decompression from a pressure of 12.5 kbar in the plagioclase-absent stability field at a temperature around 925ЊC within a dry condition at ca. 580 Ma. The rock cooled to 900ЊC at ca. 530 Ma. Schenk et al. (1988) determined an isobaric cooling and late-decompression P-T path for mafic granulites (Grt-Cpx-Opx-Qtz-Pl-Hbl) from the Highland Complex, Sri Lanka. By combining our result of isothermal decompression from high pressures at UHT conditions with the isobaric cooling and decompression path of hydrous mafic granulites, a multistage decompression history can be traced. The present P-T path of the mafic granulite can thus be correlated with the evolution of UHT pelitic granulites, as suggested by Sajeev and Osanai (2004b) and Osanai et al. (2006) . ; -Grt p garnet Cpx p cli nopyroxene;
. Qtz p quartz Figure 7 . Zircon photomicrographs showing craters of laser ablation-inductively coupled plasma mass spectrometry analysis (scanning electron microscopy image) and cathodoluminescence images of zircons from garnet-clinopyroxenequartz granulite, Sri Lanka. Scale bars p 50 mm for ZR 31, ZR 07, ZR 33, ZR 21, and ZR 26; all other scale mm. ; ; ; ; . bars p 100
Cpx p clinopyroxene Grt p garnet Opx p orthopyroxene Pl p plagioclase Zr p zircon
Discussion and Conclusion
Our study reports the first HP-UHT, Grt-Cpx-Qtz granulites from the Highland Complex, Sri Lanka. Textural relationships indicate that the peak assemblage of Grt-Cpx-Qtz breaks down to form plagioclase and orthopyroxene symplectites during decompression. Thermodynamic modeling indicates a high-pressure stability of the peak Grt-Cpx-Qtz assemblage ( fig. 10 ). The P-T conditions derived through the X Mg isopleths of garnet and clinopyroxene gave a peak temperature around 925ЊC at a minimum peak pressure of 12.5 kbar ( fig. 11 ). The thermometric results of this study, derived from core values of coexisting garnet-clinopyroxene pairs, indicate a UHT peak metamorphism with average temperature ranging from 844ЊC to 982ЊC (with a maximum estimate of 1050ЊC) at a pressure above the plagioclase stability field (around 12.5 kbar). The sample reported here is situated within the highest-temperature zone of Sajeev and Osanai (2005) and is also surrounded by many new UHT localities of the Highland Complex (e.g., Osanai 1989; Kriegsman and Schumacher 1999; Osanai et al. 2000 Osanai et al. , 2006 Sajeev and Osanai 2004b) . The total absence of any hydrous minerals (e.g., biotite or hornblende) in the samples studied suggests that the HP-UHT metamorphism occurred locally at low aH 2 O with no postpeak hydration, which is rare for mafic rocks of the Highland Complex or elsewhere in eastern Gondwana. Schumacher and Faulhaber (1994) concluded that the near-peak conditions of mafic granulites from the Highland Complex were around 760Њ-830ЊC and 8-10 kbar; these contradict our results. Schenk et al. (1988) proposed a P-T segment of near-isobaric cooling followed by isothermal decompression for hornblende-bearing mafic granulites of the Highland Complex. The isothermal decompression path of the dry Grt-Cpx-Qtz granulite (this study) from the peak metamorphism can be connected with the late isobaric cooling and decompression suggested by Schenk et al. (1988) . This gives rise to a multistage decompression history similar to that inferred from UHT pelitic granulites of the Highland Complex (Sajeev and Osanai 2004b) and other parts of eastern Gondwana (e.g., southern India; Raith et al. 1997; Sajeev et al. 2004 . Our results are also supported by the decompression from higher pressure followed by multistage evolution proposed by Osanai et al. (2006) for a suite of pelitic, quartzofeldspathic, and mafic granulites from the Highland Complex.
The P-T conditions indicate that peak metamorphism probably took place at a depth of around 40-50 km, which can be considered to be the crustal thickness of the central Highland Complex. A review by Schumacher and Faulhaber (1994) assumed a crustal thickness of up to 36 km and that all granulites were metamorphosed below 10 kbar and 830ЊC.
The U-Pb zircon dating using the LA-ICPMS method yielded an age of ca. 580 Ma. Considering the high closure temperature of zircon in the U-Pb system (above 900ЊC; Cherniak and Watson 2001, 2003) , the derived age could be the time of peak HP-UHT metamorphism ( fig. 11) . The fact that zircons always occur within garnets ( fig. 8 ) also indicates that the formation of zircons must be associated with the peak metamorphic assemblages. Considering the CL analysis in comparison with individual ages, even though the well-rounded zircon grains shows oscillatory zoning, there is no significant difference in the ages derived from the core and the rim, indicating a metamorphic origin for the zircons.
The internal isochron ages in the Sm-Nd system (ca. 530 Ma) represent a minimum age ( fig. 11 ) for the time of UHT granulite-grade metamorphism in the Highland Complex. As mentioned above, determination of the closure temperature of garnet in the Sm-Nd system is problematic. Cohen et al. (1988) suggested a higher closure temperature for garnet from granulites of the Bergen Arc, which have a composition of Alm 0.31-0.35 , Prp 0.43-0.49 , Grs 0.15-0.23 . A temperature of 850ЊC was calculated by Jagoutz (1988) for eclogites from Nzega and by Paquette et al. (1994) for granulites in Madagascar. Gebauer (1990) and Paquette et al. (1994) suggested that a high closure temperature is reasonable for high-grade terranes that have brief cooling histories. In garnet-and pyroxene-bearing rock types, Sm-Nd diffusion in garnet is strongly affected by associated clinopyroxene, which stops diffusing at higher temperatures (Kalt et al. 1994 ). Jagoutz (1988) suggested a closure temperature of around 850ЊC for similar rock types from Tanzania. Results of our study, indicating a temperature above 900ЊC for coexisting garnet-clinopyroxene pairs and a garnet composition of Alm 0.46-0.53 , Prp 0.27-0.34 , Grs 0.20-0.30, , suggest that a higher closure temperature is also appropriate. Moreover, in the present case, garnet, clinopyroxene, orthopyroxene, a felsic fraction, and a whole rock form a single straight isochron, probably indicating that uplift could have taken place within a short span of time and hence have had less effect on closure temperature.
High-pressure UHT granulites are rarely reported from Neoproterozoic Gondwana terranes. described unique occurrences of garnet-bearing spinel orthopyroxenite from southern India; they estimated that peak temperaturepressure conditions of ca. 1000ЊC at 17 kbar fall well within the HP-UHT granulite field. Our results indicate the possibility of a regional HP-UHT event during the Neoproterozoic metamorphism. The PT path reported from the UHT pelitic granulites of eastern Gondwana indicates a complex retrograde (multistage) history after the peak UHT event. The isobaric cooling segment after peak metamorphism reported by Sajeev and Osanai (2004b) from the Highland Complex and by Goncalves et al. (2004) from northern Madagascar is not identified in the mafic granulites of the Highland Complex (our study) or from the central Madurai Block . These results, coupled with those of previous studies, indicate an isothermal decompression followed by isobaric cooling and a second stage of isothermal decompression path after peak UHT conditions. This P-T path is in good agreement with the reported P-T evolution from other East Gondwana fragments (e.g., Harley et al. 1990; Goncalves et al. 2004; Sajeev and Osanai 2004a, 2004b; Sajeev et al. 2004 .
Available geochronological results indicate that the UHT metamorphic event in eastern Gondwana must have taken place in the Neoproterozoic. There are some contradicting data from the Highland Complex, Sri Lanka (ca. 1000-Ma event: Krö ner et al. 1987; ca. 1400-Ma event: Sajeev et al. 2003) , and from other fragments of eastern Gondwana, but these results are not well constrained regionally and hence require reexamination before discussion. Also, there are a few ages reporting a possible early Neoproterozoic UHT thermal event (ca. 800 Ma; e.g., Goncalves et al. 2004; Motoyoshi et al. 2006 ) from eastern Gondwana. This indicates the possibility of multiple thermal events within . Qtz p quartz Note. Unless otherwise noted, the compositional variables x, y, and z can vary between 0 and unity and are determined as a function of the computational variables by free-energy minimization. Neoproterozoic time, but more region-scale P-T-t studies on various high-grade rock types are required. Most geochronological results from central eastern Gondwana (the Highland Complex, Sri Lanka, and the Madurai Block, southern India) indicate a peak event at ca. 550-580 Ma (e.g., Santosh et al. 2006) . The 550-580-Ma event is also reported from high-grade rocks of the Lü tzowHolm Complex (Fraser et al. 2000) and part of the Rayner Complex (e.g., Forefinger Point; Shiraishi et al. 1994; Motoyoshi et al. 2006) in eastern Antarctica and from northern Madagascar (Goncalves et al. 2004) . It should also be noted that HP-UHT metamorphism is not yet identified from these eastern and western peripheral terranes of eastern Gondwana. We thus propose that more regional petrological and geochronological studies on mafic granulites are required to find the distribution and time of HP-UHT metamorphism within eastern Gondwana in order to understand the tectonometamorphic evolution of these continental fragments.
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